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(57) ABSTRACT

A driving method, able to realize a PDP device having a
reduced background luminance and high display quality, has
been disclosed. The driving method 1s a method for driving
a plasma display panel consisting of plural display elec-
trodes forming pairs of electrodes, plural address electrodes,
and display cells formed at the intersections of the pairs of
electrodes and the address electrodes, comprising an 1nitial-
ization period, an address period, a charge form period
during which a charge form pulse 1s applied to the pair of
clectrodes, and a sustain discharge period during which a
sustain discharge light emission 1s caused to occur, wherein
the 1mitialization period comprises a write period during
which first amount of charges 1s accumulated 1n the display
cells and a charge adjust period during which the amount of
charges accumulated during the write period 1s adjusted to
second amount of charges, and wherein the voltage to be
applied to the pair of electrodes 1s an 1nclined wave-shaped
charge adjust pulse, the voltage of which varies gradually
and the absolute value of the voltage of the charge form
pulse 1s greater than the absolute value of the voltage of the
sustain discharge pulse.

13 Claims, 16 Drawing Sheets
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METHOD FOR DRIVING PLASMA DISPLAY
PANEL AND PLLASMA DISPLAY DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a method for driving a
plasma display panel (PDP) and a PDP device. More
particularly, the present invention relates to a driving method
that improves the display contrast of a PDP.

FIG. 1 1s a diagram showing a basic configuration of a
PDP device.

A plasma display panel (PDP) 1 is a device that performs
display by causing a discharge to occur 1n a discharge space
sandwiched by two glass substrates with a mixture of a neon
gas, a Xenon gas, etc., by applying a voltage greater than a
discharge start voltage between electrodes formed on the
substrate, and exciting phosphors, formed on the substrate,
so that they emit light, using ultraviolet rays generated by
the discharge. Although various configurations have been
proposed for a PDP, a three-electrode surface discharge type
panel, which 1s currently most widely put to use, 1s described
as an example.

In the plasma display panel (PDP) 1, plural X electrodes
2 (sustain electrodes) and Y electrodes 3 (scan electrodes)
are arranged adjacently by turns and address electrodes 4
(third electrodes) are arranged in the direction perpendicular
to that 1n which the X electrodes and the Y electrodes extend.
Between a pair of X electrode and Y electrode, that is,
between X1 and Y1, between X2 and Y2, . . ., a display line
1s formed and a display cell 5 1s formed at the crossing of
cach display line and the address electrode 4. The X elec-

trodes and the Y celectrodes are referred to as display
electrodes.

The X electrodes are commonly connected to an X drive
circuit 7 and the same drive signal 1s applied to them. The
X drive circuit 7 1s provided with a sustain pulse circuit 8
that generates a sustain pulse, which will be described later,
and a voltage used for resetting and addressing, and a
reset/address voltage generation circuit 9. The Y electrodes
are connected individually to a scan circuit 11 provided
within a Y drive circuit 10, and a scan pulse 1s applied
sequentially to them during an address period, which will be
described later. The Y drive circuit 10 1s further provided
with a sustain pulse circuit 12 that generates a sustain pulse
and a reset/address voltage and a reset/address voltage
generation circuit 13. The address electrodes are connected
to the address driver 6 and an address signal to select a cell
to be Iit or not lit 1s applied to them during addressing in
synchronization with the scan pulse.

As a discharge 1n a PDP takes only two values, that 1s, ON
and OFF, gradation 1s displayed by varying the number of
times of light emission. Therefore, a frame that corresponds
to a display of a screen 1s divided 1nto plural subfields. Each
subfield 1s composed of an 1initialization period (reset
period), an address period and a sustain discharge period
(sustain period). During the initialization period, addressing
1s performed so that all the display cells are put into a
uniform state in which, for example, wall charges are erased,
or wall charges are formed uniformly, regardless of the it or
unlit state of the cells in the previous subfield. During the
address period, a selective discharge (address discharge) is
caused to occur so that the ON (lit) or OFF (unlit) state of
a display cell 1s determined according to display data and the
wall charges 1n a cell to be lit are put 1nto a state different
from that of a cell not to be lit. During the sustain discharge
per1od, a discharge 1s caused to occur repeatedly 1n a display
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cell selected during the address period and light 1s emitted.
If the number of sustain discharge pulses, that 1s, the period
of the sustain discharge pulse, 1s constant, the length of a
sustain discharge period differs from subfield to subfield,
therefore gradation 1s expressed by setting the ratio of times
of light emission in each subfield to, for example,
1:2:4:8: . . ., and combining subficlds that emit light

according to the gradation of each display cell.

FIG. 3 1s a diagram that shows typical examples of drive
wavelorms of conventional PDP devices. As shown
schematically, an 1nitialization period TR 1s composed of a
charge write period TR1 and a charge adjust period TR2. In
the charge write period TR1, in a state in which OV 1s being
applied to the address electrode A, an 1inclined wave-shaped
pulse, the voltage of which varies gradually from 0V to Vw,
1s applied to the Y electrode, and an inclined wave-shaped
pulse, the voltage of which gradually varies from OV to Vq,
1s applied to the X electrode. Due to this, a discharge is
caused to occur everywhere regardless of the wall charges
accumulated 1n the display cells, and negative wall charges
are accumulated on the Y electrode and the positive charges,
on the X electrode. During the charge adjust period TR2, a
inclined wave-shaped pulse, the voltage of which varies
ogradually from Vw to Vry, 1s applied to the Y electrode and
a voltage Vx 1s applied to the X electrode, therefore, the wall
charges accumulated 1n the Y electrode and X electrode
during the TR1 period decrease almost to zero. There may
be some cases where a certain amount of charge, with which
a discharge 1s not caused to occur even if a sustain discharge
pulse 1s applied, 1s left on the Y electrode and X electrode.

During the address period TA, the voltage Vx 1s applied
to the X electrode and, 1n a state 1n which OV 1s being applied
to the Y electrode, a scan pulse having the voltage Vy 1is
applied sequentially to the Y electrode and an address
voltage Va 1s applied to the address electrode A 1n a cell to
be lit in synchronization with the application of the scan
pulse. The voltage 0OV 1s applied to the address electrode 1n
a cell not to be lit. An address discharge 1s caused to occur
in a cell to be lit to which the scan pulse and the address
voltage have been applied, and positive wall charges are
accumulated on the Y electrode and negative charges are
accumulated on the X electrode. These wall charges on the
Y electrode and X electrode are able to cause a sustain
discharge to occur when a sustain discharge pulse 1s applied.
As an address discharge 1s not caused to occur 1n a cell not
to be Iit, the amount of wall charges on the Y electrode and
X electrode remains almost zero.

During the sustain discharge period TS, in a state 1n which
0V 1s being applied to the address electrode, a voltage Vsl
and the voltage OV are applied alternately to the X electrode
and Y electrode as a sustain discharge pulse. In a cell to be
l1t, the voltage due to wall charges 1s added to the voltage of
the sustain discharge pulse, the discharge start voltage is
exceeded, a sustain discharge 1s caused to occur, and the
charges move and an amount of charges necessary for the
next sustain discharge 1s accumulated on the Y electrode and
X electrode. In other words, when the address period 1is
completed, positive wall charges are accumulated on the Y
clectrode and negative wall charges are accumulated on the
X electrode, that 1s, a voltage, the high potential side of
which 1s the Y electrode, 1s being applied between the Y
clectrode and the X electrode. Therefore, 1f the voltage Vsl
1s applied to the Y electrode and OV 1s applied to the X
clectrode as a sustain discharge pulse at the inception of the
sustain discharge period, the voltage due to the above-
mentioned wall charges are added, the discharge start volt-
age 15 exceeded, and a sustain discharge 1s caused to occur.
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When a sustain discharge 1s caused to occur, the positive
charges move from the Y electrode to the X electrode and
accumulate thereon, the negative charges move from the X
electrode to the Y electrode and accumulate thereon, and the
sustain discharge 1s terminated because a voltage, the high
potential side of which 1s the X electrode, 1s produced. Then,
it OV applied to the Y electrode and a voltage Vs 1s applied
to the X electrode as a sustain discharge pulse, a sustain
discharge 1s caused to occur because the voltage due to the
wall charges, the high potential side of which 1s the X
electrode, 1s added. This cycle 1s repeated during the sustain
discharge period. As no charge 1s accumulated 1n a cell not
to be lit, no discharge 1s caused to occur even though a
sustain discharge pulse 1s applied to either electrode.

FIG. 4 1s a diagram that shows other examples of drive
waveforms of conventional PDP devices. These examples
differ from those in FIG. 3 1n that a sustain discharge pulse
1s composed of positive pulses and negative pulses, the
absolute value of voltage of which 1s Vs, that the final
voltage of an inclined wave-shaped pulse to be applied to the
X electrode during TR1 1s —Vs, and that the voltage of the
scan pulse 1s —Vs. The operations are almost the same as the
examples 1n FIG. 3. In the examples in FIG. 4, the number
of power sources can be reduced because the voltage Vs 1s
used commonly, therefore, the advantage that the cost will
be reduced can be gained. In the examples 1n FIG. 4, Vs 15

70 to 90V, Vw, 150 to 200V, Vx, 110 to 140V, Vry, —Vs to
(-Vs+20V), and Va, 50 to 70V.

The typical conventional PDP devices are described
above, but there are various kinds of methods for driving
PDP devices. For example, 1n Japanese Patent No 2801893,
an ALIS method PDP device, in which the number of display
lines can be doubled while the number of display electrodes
remains the same as before by utilizing every gap between
adjacent X electrodes and Y electrodes as a display line, has
been disclosed. As the PDP device 1s widely known, a
detailed description i1s not given here.

An address method performed during the above-
mentioned address period includes a write address method
and an erase address method. The write address method 1s a
method 1n which wall charges necessary for a sustain
discharge are formed by causing an address discharge to
occur 1n a cell to be lit during the address period, and the
drive methods shown 1n FIG. 3 and FIG. 4 employ the write
address method. The write address method includes a case
where wall charges are decreased to zero during the 1nitial-
1zation period and another case where a certain amount of
wall charge 1s left. If the wall charges are decreased to zero,
the margin where light 1s not emitted 1n a cell not to be lit
during the sustain discharge period becomes the largest, but
problems occur such as that the voltage of the scan pulse
needs to be raised because it 1s more unlikely that an address
discharge 1s caused to occur. On the other hand, when a
certain amount of wall charge 1s left, advantages are gained
such as that the voltage of a scan pulse can be lowered, but
the margin where light 1s not emitted 1 a cell not to be lit
during the sustain discharge period becomes small.

Either way, 1n the conventional write address method, 1t 1s
necessary to form wall charges while applying a scan pulse
and, therefore, the width of the scan pulse needs to be
lengthened to a certain extent, resulting in a problem that the
address period 1s lengthened accordingly.

On the other hand, the erase address method 1s a method
in which wall charges are formed 1n all of the display cells
during the initialization period and the wall charges 1n a cell
not to be lit are erased and those 1n a cell to be lit are left
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during the address period. In this method also, there are two
cases where the wall charges 1n a cell not to be 1it are erased
completely and where a certain amount of wall charges 1s
left, and this method has both advantages and disadvantages
as a write address method.

Japanese Patent Application No. 2000-336248 (Japanese
Unexamined Patent Publication (Kokai) No. 2002-140033:
disclosed May 17, 2002) has disclosed an erase address
method, in which an erase period during which wall charges
in a cell not to be lit are erased and a write period during
which wall charges necessary for a sustain discharge are
formed 1n a cell to be It are provided, after the wall charges
in the cell not to be Iit are erased to a certain extent during
the select period.

Moreover, Japanese Unexamined Patent Publication
(Kokai) No. 11-327505 has disclosed a structure, in which
charges 1n a cell to be lit are adjusted after an address period,
in an ALIS method PDP disclosed 1n the above-mentioned
Japanese Patent No. 2801893.

The present invention relates to a write address method.

One of the factors that determine the picture quality of a
display device 1s contrast, and what deteriorates the contrast
most 1S a background light emission 1n an unlit state. A light
emission caused by a discharge during the initialization
pertod TR 1s a light emission that has no relationship with
display data and can be a factor to deteriorate the contrast
and the picture quality.

There can be thought two ways which will reduce the
intensity of a light emission caused by a discharge during the
initialization period TR, as follows:

(1) The application voltage during the charge write period
TR1 1s reduced; or

(2) The slope with which the voltage varies during the
charge write period TR1 or the charge adjust period TR2 1s
made to be more gradual.

However, the step (1) brings a problem that an initializa-
tion malfunction, in which no discharge 1s caused to occur
in some display cells depending on the previous display
state, 1s brought about and the margin of operation may be
deteriorated. The step (2) brings a problem that the drive
time is protracted. Therefore, the above-mentioned steps (1)
and (2) are limited in reducing the background light emis-
s101.

In the conventional drive methods shown 1n FIG. 3 and
FIG. 4, the voltage to be applied between the X electrode
and the Y electrode during the charge adjust period TR2 1s
made to be almost equal to or slightly less than the voltage
to be applied between the X electrode and the Y electrode
during the address period TA. This i1s because a problem
occurs that an erroneous discharge 1s caused to occur 1n a
cell not to be lit when the voltage to be applied between the
X electrode and the Y electrode during TR2 1s much less
than the voltage to be applied between the X electrode and
the Y electrode during TA, and when, contrary to this, the
former voltage 1s much greater than the latter one, another
problem occurs that a wastetul background light emission 1s
caused to occur during TR2. Moreover, as it 1s necessary to
accumulate an amount of charge sufficient to cause a dis-
charge to occur 1 a cell to be lit by applying a sustain
discharge pulse during the address period TA, the voltage to
be applied between the X electrode and the Y electrode
needs to be increased. However, it the voltage to be applied
between the X electrode and the Y electrode 1s increased
during the address period TA, 1t 1s also necessary to increase
the application voltage during the charge adjust period TR2
because of the above-mentioned reasons, therefore, the
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background light emission cannot be reduced during TR2.
Therefore, a new drive method that can reduce the back-
oground light emission and 1improve contrast 1s required.

SUMMARY OF THE INVENTION

The objective of the present invention 1s to realize a
method for driving a PDP employing a new write method 1n
which the contrast has been 1improved.

In order to achieve the above-mentioned objective, 1n the
method for driving a plasma display panel and the plasma
display device of the present invention, the background light
emission 1s reduced by employing an inclined wave-shaped
pulse the application voltage of which varies gradually as a
charge adjust pulse to be applied to a pair of electrodes
during a charge adjust period and by lowering the final
voltage of the charge adjust pulse to be applied to the pair
of electrodes and the voltage to be applied between the
display electrodes (X electrode and Y electrode) during the
address period. However, 1f the final voltage of the charge
adjust pulse and the voltage applied between the display
clectrodes during the address period are lowered, it 1is
impossible to accumulate an amount of charges 1n a cell to
be lit, with which a discharge 1s caused to occur by the
application of a sustain discharge pulse, therefore, 1n the
present 1nvention, a charge form period 1s provided after the
address period, in which a charge form pulse 1s applied, the
absolute value of voltage of which 1s greater than that of the
sustain discharge pulse and, thereby, an amount of charges
enough to cause a sustain discharge to occur 1s formed. In
this way, a normal sustain discharge can be caused to occur
even 1f the voltage applied between the display electrodes
during the charge adjust period and the address period is
reduced and the background light emission 1s reduced,
resulting in improvement 1n the contrast.

To describe the above more qualitatively, 1in the method
for driving a plasma display panel and the plasma display
device of the present imnvention, a certain amount of charge,
with which a discharge 1s not caused to occur by a sustain
discharge pulse, 1s uniformly accumulated during the ini-
tialization period, an address discharge 1s caused to occur 1n
a display cell to be lit so that the amount of charges 1s
decreased or charges of opposite polarity are accumulated
during the address period, and a charge form pulse, which
causes a discharge to occur 1n a cell to be lit but does not
cause a discharge to occur 1n a cell not to be lit, 1s applied
so that charges necessary for a sustain discharge are accu-
mulated 1n the cell to be lit during the charge form period.
As 1t 1s necessary to apply the charge form pulse only once,
it 1s possible to adjust the voltage according to the polarity
of the charges accumulated in the cells to be lit and not to
be lit when the address period 1s completed. Therefore, it 15
possible to increase the absolute value of voltage of the
charge form pulse so as to be greater than that of the sustain
discharge pulse and to configure the settings so as to satisly
the requirement that a discharge 1s caused to occur 1n a cell
to be lit but no discharge 1s caused to occur in a cell not to

be lit.

In other words, the method for driving a plasma display
panel of the present invention 1s a write address method in
which a certain amount of charge 1s left by initialization and
a sustain discharge 1s enabled by applying a charge form
pulse having a polarity opposite to that of the voltage
between the display electrodes due to the charges left by
mnitialization and by increasing the amount of charges 1n a
cell to be lit by a discharge.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the invention will be more
clearly understood from the following description taken in
conjunction with the accompanying drawings in which:
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FIG. 1 1s a general block diagram of a plasma display
(PDP) device.

FIG. 2 1s a diagram that shows a frame structure according,
to a subficld method.

FIG. 3 1s a diagram that shows examples of conventional
drive waveforms.

FIG. 4 1s a diagram that shows other examples of con-
ventional drive waveforms.

FIG. 5 1s a diagram that shows drive waveforms i a PDP
device 1n a first embodiment of the present 1invention.

FIG. 6A to FIG. 6F are diagrams that show changes of the

state of charges on electrodes 1n the PDP device 1n the first
embodiment of the present invention.

FIG. 7 1s a diagram that shows drive waveforms 1n a PDP
device 1n a second embodiment of the present invention.

FIG. 8 1s a diagram that shows drive waveforms 1n a PDP
device 1n a third embodiment of the present invention.

FIG. 9 1s a diagram that shows drive waveforms 1n a PDP
device 1n a fourth embodiment of the present invention.

FIG. 10 1s a block diagram of an ALIS method PDP
device to which a fifth embodiment of the present invention

1s applied.
FIG. 11 1s a diagram that shows drive waveforms 1n an

odd-numbered field in the PDP device 1n the fifth embodi-
ment.

FIG. 12 1s a diagram that shows drive waveforms 1n an
even-numbered field 1in the PDP device 1n the fifth embodi-
ment.

FIG. 13 1s a diagram that shows drive waveforms in a PDP
device 1n a sixth embodiment of the present invention.

FIG. 14 1s a diagram that shows drive waveforms in a PDP
device 1n a seventh embodiment of the present invention.

FIG. 15 1s a diagram that shows drive waveforms in a PDP
device 1n an eighth embodiment of the present invention.

FIG. 16 1s a diagram that shows drive waveform 1n a PDP
device 1n a ninth embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The plasma display device 1n the first embodiment of the
present invention has a structure similar to the conventional
one shown i1n FIG. 1 but the drive method 1s different.

FIG. 5 1s a diagram that shows the drive waveforms 1n the
first embodiment. FIG. 6A to FIG. 6F are diagrams that
show the changes of the state of charges accumulated on the
electrodes 1n the first embodiment. The drive waveforms in
FIG. 5 are described with reference to FIG. 6 A to FIG. 6F.
In the charge write period TR1, the first half of the initial-
1zation period TR, 1n a state 1n which OV 1s being applied to
the address electrode A, an inclined wave-shaped pulse, the
voltage of which varies gradually from OV to Vw (150 to
200V), is applied to the Y electrode and an inclined wave-
shaped pulse, the voltage of which varies gradually from 0V
to —=Vs (=70 to -90V), is applied to the X electrode. Due to
this, a discharge 1s caused to occur everywhere regardless of
the wall charged accumulated 1n a display cell, and negative
wall charges are accumulated on the X electrode and posi-
tive wall charges are accumulated on the Y electrode, as

shown 1n FIG. 6A.

In the charge adjust period TR2, the second half of the
nitialization period TR, an inclined wave-shaped pulse, the
voltage of which varies gradually from Vw to Vry (-Vs to
(-Vs+20V)), is applied to the Y electrode and a voltage Vx1
(Vs to (Vs+20V)) 1s applied to the X electrode, therefore, the
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wall charges accumulated on the Y electrode and the X
clectrode during TR1 are decreased and adjusted so that a
fixed amount of negative wall charge 1s left on the Y
clectrode and a fixed amount of positive wall charge 1s left
on the X electrode, as shown 1n FIG. 6B. The amount of the
wall charge left on the Y electrode and the X electrode 1s an
amount with which a discharge 1s not caused to occur even
if a sustain discharge, which will be described later, is
applied. Although the voltages are set so that Vx1-Vry=2Vs,
there can be some variations of voltage as long as, for
example, Vx1-Vry>2Vs 1s maintained. The case where

Vx1-Vry<2Vs will be described 1n the fourth embodiment.

In the address period TA, 1n a state 1n which the voltage
Vx1 1s being applied to the X electrode and OV 1s being
applied to the Y electrode, a scan pulse of voltage of —Vs 1s
sequentially applied to the Y electrode and an address
voltage Va (50 to 70V) is applied to the address electrode A
in a cell to be lit in synchronization with the application of
the scan pulse. To the address electrode 1n a cell not to be Iit,
0V 1s applied. In a cell to be lit, to which the scan pulse and
the address voltage have been applied, an address discharge
1s caused to occur and the wall charges are decreased or
charges of opposite polarity are accumulated and, as a resullt,
positive wall charges are accumulated on the Y electrode and
negative wall charges are accumulated on the X electrode, as
shown 1 FIG. 6C. In this case, the amount of the wall
charges on the Y electrode and the X electrode 1s an amount
with which a sustain discharge 1s not caused to occur even
if a sustain discharge pulse 1s applied. As an address
discharge 1s not caused to occur 1n a cell not to be lit, the
amount of wall charges accumulated on the Y electrode and
the X electrode remains that which has been adjusted during
the charge adjust period TR2. Therefore, there 1s a difference
in voltage produced by the amount of charges that has been
changed by an address discharge between a cell to be it and
one not to be lit.

During the charge form period TM, a voltage Vu (110 to
150V) greater than Vs is applied to the Y electrode and —Vs
1s applied to the X electrode. As a result, a voltage of 180 to
240V 1s applied between the Y electrode and the X electrode.
When such a voltage 1s applied, the discharge start voltage
1s exceeded and a discharge 1s caused to occur, and more
negative charges are accumulated on the Y electrode and
more positive charges are accumulated on the X electrode 1n
a cell to be Ilit. The amount of charges accumulated on the
X electrode and the Y electrode at this time 1s an amount
with which a discharge 1s caused to occur i1f a sustain
discharge pulse 1s applied. On the other hand, there are
negative charges on the Y electrode and positive charges on
the X electrode 1n a cell to be lit, though slight in amount,
which will serve 1n such a way that the voltage applied
between the Y electrode and the X electrode 1s reduced
because there are positive charges on the X electrode,
therefore, a discharge 1s not caused to occur because the
discharge start voltage 1s not exceeded and the amount of
charge remains unchanged.

During the sustain discharge period Ts, 1n a state 1n which
0V 1s being applied to the address electrode, the voltages Vs
and —Vs are applied alternately to the X electrode and the Y
clectrode as a sustain discharge pulse. As a result, a voltage
of 2Vs1s applied alternately between the X electrode and the
Y electrode. As shown 1n FIG. 6E and FIG. 6F, the voltage
due to the wall charges 1s added to the voltage due to the
sustain discharge pulse, the discharge start voltage i1s
exceeded, and a sustain discharge 1s caused to occur in a cell
to be lit. Therefore, the charges move and the amount of
charge necessary for the next sustain discharge 1s accumu-
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lated on the Y electrode and the X electrode, resulting in a
repetition of a sustain discharge. On the other hand, the wall
charges accumulated 1 a cell not to be lit do not cause a
discharge to occur even though a sustain discharge pulse of
either polarity 1s applied, because the discharge start voltage
1s not exceeded.

The drive waveforms and operations 1n the first embodi-
ment are described as above. Next, the difference from
conventional drive waveforms 1s described below with ref-

erence to FI1G. 4. The waveforms in the present embodiment
differ from the conventional ones shown 1n FIG. 4 1n that the
voltage to be applied to the X electrode during the charge
adjust period TR2 and the address period 1s changed from
Vx to VxI, the voltage to be applied between the Y electrode
and the X electrode 1s reduced, and the charge form period
TM 1s provided. If the voltage to be applied to the X
clectrode during the address period 1s reduced, an amount of
wall charge, with which a sustain discharge 1s caused to start
when a sustain discharge pulse 1s applied, cannot be accu-
mulated 1 a cell to be lit. However, in the present
embodiment, as an amount of wall charges, with which a
sustain discharge 1s caused to occur when a sustain discharge
pulse 1s applied, 1s formed during the charge form period
TM, 1t 1s not necessary to form such an amount of wall
charges during the address period, therefore, the voltage to
be applied to the X electrode during the address period can
be reduced. In accordance with this, the voltage to be applied
between the X electrode and the Y electrode during the
charge adjust period TR2 can be reduced and the contrast 1s
improved because the background light emission 1s reduced.

The first embodiment 1s described as above, but the
described conditions of voltage are only examples. The
present invention 1s not limited to the above and the voltage
or the like should be adjusted according to the panel
structure, etc. Even though the panel structure 1s the same,
cffects similar to those of the present invention can be
achieved for a certain range of voltage.

The plasma display device in the second embodiment of
the present invention has a structure similar to the conven-
tional one shown 1n FIG. 1, similar to the first embodiment,
but with a different drive method. FIG. 7 1s a diagram that
shows the drive wavetforms 1n the second embodiment of the
present invention. These drive wavetforms differ from those
in the first embodiment shown 1n FIG. § 1n that Vx1, Vry and
the scan pulse voltage —Vs are replaced by Vs, —Vs and Vyl
(-Vs to (-Vs=20V), respectively. Such a structure can
reduce the cost because the power source can be shared and
the number of kinds of power source can be reduced.

The plasma display device 1n the third embodiment of the
present invention has a structure similar to the conventional
one shown 1n FIG. 1, similar to the first embodiment, but
with a different drive method. FIG. 8 1s a diagram that shows
the drive waveforms 1n the third embodiment of the present
invention. These drive waveforms differ from those in the
first embodiment shown 1n FIG. § 1n that the charge adjust
pertod TR2 1s divided into TR21 and TR22. During TR21,
while the voltage applied to the X electrode 1s being kept at
0V, the voltage applied to the Y electrode i1s gradually
reduced from Vw to Vry. During TR22, while the voltage
applied to the X electrode 1s being kept at Vx1, the voltage
applied to the Y electrode 1s gradually reduced from OV to
Vry. By making the voltage applied to the X electrode during
TR21 sufficiently less than the voltage applied to the X
clectrode during TR22, the charges between the address
clectrode and the Y electrode are adjusted during TR21 and
those between the X electrode and the Y electrode are
adjusted during TR22. In this way, by dividing the charge




US 6,940,475 B2

9

adjust period into two periods, during one the charges
between the address electrode and the Y electrode are
adjusted and during the other those between the X electrode
and the Y electrode are adjusted, the charge adjustment can
be performed more efficiently and the background light
emission can be reduced.

The plasma display device in the fourth embodiment of
the present invention has a structure similar to the conven-
tional one shown 1n FIG. 1, similar to the first embodiment,
but with a different drive method. FIG. 9 1s a diagram that
shows the drive waveforms 1n the fourth embodiment of the

present invention. These drive waveforms differ from those
in the second embodiment shown in FIG. 7 in that the
voltage applied to the X electrode during the charge adjust
period TR2 and the address period TA 1s set to VX2 (0 to Vs),
which 1s less than Vs, and that the charge form period TM
1s divided into TM1 and TM2. During TM1, in a state 1n
which Vs 1s being applied to the X electrode, an inclined
wave-shaped pulse, the voltage of which varies gradually
from OV to —Vs 1s applied to the Y electrode and during
TM2, the voltage Vu 1s applied to the Y electrode and the
voltage —Vs 1s applied to the X electrode, similar to the
second embodiment. By setting the voltage applied to the X
clectrode during the charge adjust pertod TR2 and the
address pertod TA to Vx2, which 1s less than Vs, 1t 1s
possible to leave many charges during the address period TA
because the amount of charges to be erased 1s reduced. If
there exists a large amount of charge 1n the address period,
a discharge 1s caused to occur more speedily during address-
ing and an address discharge with a higher degree of
reliability can be realized. However, it the amount of charge
in the address period 1s excessive, a sustain discharge 1is
caused to occur even 1n a cell not to be lit, therefore, 1t 1s
necessary to reduce the amount of charges 1n a cell not to be
lit during the charge form period TMI.

The fifth embodiment of the present invention 1s an
embodiment in which the present invention 1s applied to an
ALIS method PDP device disclosed 1n Japanese Patent No.
2801893.

FIG. 10 1s a block diagram that shows the general
structure of the ALIS method PDP device disclosed 1in
Japanese Patent No. 2801893, As shown schematically, the
ALIS method PDP device comprises a panel 1 provided with
X electrodes 2 and Y electrodes 3 making up sustain
discharge electrodes and address electrodes 4, a control
circuit 18, an address driver 6, a scan driver 11, an odd-
numbered Y common circuit 16, an even-numbered Y com-
mon circuit 17, an odd-numbered X common circuit 14 and
an even-numbered common circuit 15. Each common circuit
1s provided with a sustain pulse circuit and a reset/address
voltage generation circuit shown m FIG. 1. As the configu-
rations and operations of each device are disclosed 1n
Japanese Patent No. 2801893, no detailed description 1s
ogrven here.

The ALIS method 1s characterized by an interlaced dis-
play in which a first display line i1s formed between a Y
electrode and the neighboring X electrode located above 1t
and a second display line 1s formed between a Y electrode
and the neighboring X electrode located below 1t, and the
first display lines are displayed 1in odd-numbered fields and
the second display lines are displayed in even-numbered
fields, whereby the number of display lines can be doubled
compared to conventional ones, while the number of X
clectrodes and Y electrodes remains the same, and the
resolution can be made to be finer.

FIG. 11 and FIG. 12 are diagrams that show the drive
waveforms of the PDP device in the fifth embodiment,
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wheremn FIG. 11 shows the drive waveforms in odd-
numbered fields and FIG. 12 shows the drive waveforms in
even-numbered fields. In the fifth embodiment, the drive
waveforms 1n the second embodiment are applied to the
ALIS method, therefore the voltages or the like are the same
as the second embodiment but, because of the ALIS method,
there are differences as follows. In the ALIS method 1n the
fifth embodiment, the address period 1s divided 1nto the first
half and the second half. For example, addressing 1s per-

formed 1n the first, the fifth, the nminth, . . . display lines
during the first half and in the third, the seventh, the
cleventh, . . . display lines during the second half in the

odd-numbered fields shown 1n FIG. 12, similar to Japanese
Patent No. 2801893. The fifth embodiment differs in that the
charge form period TM 1s divided into the first half and the
second half, and charges are formed in the display cells of
the first, fifth, ninth, . . . display lines during the first half,
and 1n the display cells of the third, seventh, eleventh, . . .
display lines during the second half. Then a voltage, which
will not cause an erroncous discharge to occur on the side
where charges are not formed, 1s applied. In FIG. 12, for
example, Vu 1s applied to odd-numbered X electrodes, —Vs
1s applied to odd-numbered X eclectrodes and even-
numbered Y electrodes, and Vs 1s applied to even-numbered
X electrodes during the first half of the charge form period
TM to prevent an erroneous discharge from occurring
between an odd-numbered Y electrode and an even-
numbered X electrode, between an even-numbered X elec-
trode and an even-numbered Y electrode, and between an
even-numbered Y electrode and an odd-numbered X
electrode, even 1f a discharge 1s caused to occur between an
odd-numbered X electrode and an odd-numbered Y elec-
trode. Similarly, during the second half of the charge form
pertod TM, Vu 1s applied to even-numbered Y electrodes,
-Vs 1s applied to even-numbered X electrodes and odd-
numbered Y electrodes, and Vs 1s applied to odd-numbered
X electrodes to prevent an erroncous discharge from occur-
ring 1n other display lines, even if a discharge 1s caused to
occur between an even-numbered X electrode and an even-
numbered Y electrode.

In the even-numbered fields, a display line 1s formed
between an odd-numbered Y electrode and an even-
numbered X electrode and between an even-numbered Y
clectrode and an odd-numbered X electrode, and drive
waveforms shown m FIG. 12 are applied. No detailed
description 1s given here.

The plasma display device 1n the sixth embodiment of the
present invention has a structure similar to the conventional
one shown 1n FIG. 1, similar to the first embodiment, but
with a different drive method. FIG. 13 1s a diagram that
shows the drive waveforms in the sixth embodiment of the
present 1nvention. Although the sustain discharge pulse in
the first embodiment 1s composed of positive and negative
pulses to be applied to the display electrode, whose absolute
value of voltage 1s the same, the sustain discharge pulse 1n
the sixth embodiment 1s a pulse the voltage of which varies
between the positive voltage Vs and the ground.

In FIG. 13, for example, Vs=160V, Vy=—115V, Vry=-—
100V, Vx1=60V, Vu=220V, Vw=240V, Vg=-80V and
Va=60V, but there can be some variation 1n voltage. As the
functions and the effects are almost the same as the first
embodiment, no description 1s given here.

The plasma display device 1n the seventh embodiment 1s
the same as that in the sixth embodiment except for Vx1=0V
and Vry=-Vs, and the other voltages are accordingly the
same, that 15, Vs=160V, Vy=-175V, Vu=220V, Vw=240V,
Vq=-80V and Va=60V. In this case also, there can be some
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variations in voltage and the functions and effects almost the
same as those 1n the sixth embodiment can be obtained, but
the cost of the power supply can be reduced because the
number of kinds of power supply voltage can be reduced.

FIG. 15 1s a diagram that shows the drive waveforms in
the eighth embodiment of the present invention. The plasma
display device 1n the eighth embodiment differs from that 1n
the first embodiment 1n that Vx1 1s made to be greater than

Vs. In other words, Vx1-VryZ2Vs. As the functions and
effects are almost the same as the first embodiment, no

description 1s given here.
FIG. 16 1s a diagram that shows the drive waveforms in
the ninth embodiment of the present invention. In the plasma

display device in the ninth embodiment, only in the first
subficld SF1 of the subfields that make up a display frame,

the drive waveforms in the first embodiment are used and in
the second subfield SF2 and the following subficlds, the

charge adjust period TR2, the address period TA, the charge
adjust period TM and the sustain discharge period TS are
provided with the exception of the charge write period TR1
of the reset period. The sustain discharge period TS 1n SF1
ends with a state 1n which Vs 1s applied to the Y electrode
and —Vs 1s applied to the X electrode. The voltage conditions

in SF1, SF2 and the following subiields are the same as those
in the first embodiment. In the ninth embodiment, as the
number of times of the charge write periods TR1 1n a display
frame 1s reduced and the light emission due to the all-out
write 1s reduced accordingly, the contrast can be further
improved. Although the charge write period TR1 1s provided
only in SF1 1n the present embodiment, it 1s possible to
provide the charge write period TR1 in subfields such as one
that 1s heavily weighted.

As described above, according to the present invention, a
PDP device that can reduce the background luminance and
has a high quality 1n contrast can be realized without the
necessity to icrease number of power supply circuits.

We claim:

1. A method for driving a plasma display panel consisting
of plural display electrodes forming pairs of electrodes for a
sustain discharge, plural address electrodes arranged so as to
intersect the pairs of electrodes, and display cells formed at

the intersections of the pairs of electrodes and the address
clectrodes, comprising;:

an 1nitialization period during which the display cells are
mitialized;

an address period during which an address discharge is
caused to occur according to display data of each
display cell so that each display cell 1s put 1nto a state
in accordance with the display data;

a charge form period during which a charge form pulse 1s
applied to the pair of electrodes; and

a sustain discharge period during which a sustain pulse
and that with the opposite polarity are applied alter-
nately to the pair of electrode so as to cause a sustain
discharge light emission to occur,

wherein the 1nitialization period comprises a write period
during which first amount of charges 1s accumulated 1n
the display cells and a charge adjust period during
which the first amount of charges accumulated during,
the write period 1s adjusted to second amount of
charges,

wherein the voltage to be applied to the pair of electrode
during the charge adjust period 1s an inclined wave-
shaped charge adjust pulse, the voltage of which varies
oradually, and

wherein the absolute value of voltage of the charge form
pulse 1s greater than the absolute value of voltage of the
sustain discharge pulse.
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2. A method for driving a plasma display panel, as set
forth 1n claim 1, wherein the final voltage of the charge
adjust pulse to be applied to the pair of electrodes 1s greater
than the voltage of the sustain discharge pulse of the same
polarity.

3. A method for driving a plasma display panel, as set
forth 1n claim 1, wherein the final voltage of the charge
adjust pulse to be applied to the pair of electrodes 1s almost
equal to the voltage of the sustain discharge pulse of the
same polarity.

4. A method for driving a plasma display panel, as set
forth 1n claim 1, wherein the charge adjust period comprises
a first charge adjust period during which a first charge adjust
pulse having an inclined wave-shape 1s applied to the pair of
clectrodes and a second charge adjust period during which
a second charge adjust pulse having an inclined wave-shape
1s applied to the pair of electrodes, and

wherein the final voltage of the first charge adjust pulse 1s

less than the final voltage of the second charge adjust
pulse.

5. A method for driving a plasma display panel, as set
forth in claim 1, wherein the absolute value of the final
voltage of the charge adjust pulse to be applied to the pair
of electrodes 1s less than that of the sustain discharge pulse
of the same polarity, and

wherein the charge form period comprises a period before

the charge form pulse 1s applied, during which a pulse
having an inclined wave-shaped drive waveform, the
polarity of which 1s opposite to that of the charge form
pulse, the voltage of which varies gradually, and the
final voltage of which 1s almost the same as the absolute
value of voltage of the sustain discharge pulse, 1s
applied to the pair of electrodes.

6. A method for driving a plasma display panel, as set
forth 1n claim 1, wherein the sustain discharge pulse 1is
composed of pulses of positive and negative voltages to be
applied to the display electrode, the absolute value of which

1s the same,

wherein the charge form pulse 1s composed of pulses of
positive and negative voltages to be applied to the
display electrode, and

wherein one of the absolute values of the positive and the
negative voltages of the pulses making up the charge
form pulse 1s almost equal to the absolute value of the
sustain discharge pulse.

7. A method for driving a plasma display panel, as set
forth 1n claim 6, wherein the absolute value of the voltage to
be applied to either of the pair of electrode during the charge
adjust period and the address period 1s almost equal to the
absolute value of the sustain discharge pulse.

8. A method for driving a plasma display panel, as set
forth in claim 6, wherein the absolute value of the final
voltage of the charge adjust pulse to be applied to the pair
of electrodes 1s almost equal to the absolute value of the
sustain discharge pulse.

9. A method for driving a plasma display panel, as set
forth 1n claim 6, wherein the absolute value of a scan pulse
to be applied to either of the display electrodes during the
address period 1s almost equal to the absolute value of the
sustain discharge pulse.

10. A method for driving a plasma display panel, as set
forth 1n claim 1, wherein the sustain discharge pulse 1is
composed of pulses of positive and negative voltages to be
applied to the display electrodes, the absolute value of which
1s the same,

wherein the scan pulse to be applied to either of the
display electrodes during the address period has the
negative voltage of the sustain discharge pulse, and
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wherein the charge adjust pulse 1s composed of an adjust 12. A method for driving a plasma display panel, as set
pulse of negative voltage to be applied to either of the forth in any of claims 1 to 11, wherein a display frame 1s
display electrodes and an adjust pulse of positive composed of plural subfields,
voltage to be applied to the other of the display wherein each subfield comprises the initialization period,
electrodes, the voltage of the adjust pulse of negative 5 the address period, the charge form period and the
voltage 1s greater than the negative voltage of the sustain discharge period,
sustain discharge pulse by 5 to 30V, and the voltage of wherein the 1nitialization period of some of the subfields
the adjust pulse of positive voltage 1s greater than the comprises the write period and the charge adjust period,
positive voltage of the sustain discharge pulse by 5 to and
30V. 10 wherein the 1mitialization period of the other subfields

11. A method for driving a plasma display panel, as set comprises only the charge adjust period.

forth 1n claim 1, wherein the absolute value of the voltage to 13. A plasma display device employing any of the driving

be applied to either of the pair of electrodes during the methods set forth 1n any of claims 1 to 12.
charge adjust period and the address period 1s almost equal
to the absolute value of the sustain discharge pulse. S I T
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